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ABSTRACT 



Background: Hepatocellular carcinoma (HCC) is the fifth most common fatal cancer 
and an important healthcare problem worldwide. There are many studies describing 
the prognostic and predictive effects of epidermal growth factor receptor 2 (c-erb-B2) 
and epidermal growth factor receptor 1 (EGFR), transmembrane tyrosine kinases that 
influence cell growth and proliferation in many tumors. 

Objectives: The current study aimed to investigate the expression levels of c-erb-B2, 
EGFR, PTEN, mTOR, PI3K, p27, and ERCCl in hepatocellular carcinoma (HCC) and their 
correlation with other clinicopathologic features. 

Patients andMethods: Fifty HCC cases were stained immunohistochemically with these 
markers. Correlations between the markers and clinicopathologic characteristics and 
survival rates were analyzed. 

Results: No membranous c-erb-B2 staining was seen, whereas cytoplasmic positivity was 
present in 92% of HCC samples, membranous EGFR was observed in 40%, PI3K was found 
in all samples, and mTOR was seen in 30%, whereas reduced or absent PTEN expression 
was observed in 56% of samples and loss of p27 was seen in 92% of the cases. c-erb-B2 and 
mTORoverexpression, as well as reduced expression of p27, all correlated with multiple 
tumors (P = 0.041, P < 0.001, and P < 0.001, respectively). P27 loss, and mTOR and EGFR 
positivity were significantly correlated with AFP (P = 0.047, P = 0.004, and P = 0.008, 
respectively). Angiolymphatic invasion was more commonly seen in EGFR- and ERCCl- 
positive cases (P= 0.003 and P= 0.005). EGFR was also correlated with histological grade 
(P = 0.039). No significant correlations were found among PTEN , PI3K, and the clinico- 
pathological parameters. Disease-free or overall survival rates showed significant differ- 
ences among therapy modalities, AFP levels, angiolymphatic or lymph node invasions, 
and ERCCl and p27 expression levels (P< 0.05). 

Conclusions: c-erb-B2, EGFR, mTOR, ERCCl overexpression levels, and loss of p27 may 
play roles in hepatocarcinogenesis and may be significant predictors of aggressive tu- 
mor behavior. These markers were found to be correlated with certain clinicopathologic 
features, therapy modalities, and survival rates in the current study. These findings may 
help in planning new, targeted treatment strategies . 
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► Implication for health policy/practice/research/medical education: 

Hepatocellular carcinoma is most common fatal cancer and and important healthcare problem worldwide. Therefore, study of this 
article is recommended to the pathologists, hepatologists and other researcherswho are interested in the field of public health. 

► Please cite this paper as: 
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1. Background 

Hepatocellular carcinoma (HCC) is the fifth most com- 
mon fatal cancer and an important healthcare problem 
worldwide, especially in Asia, where its incidence is in- 
creasing in many countries. Despite advances in clinical 
research, HCC prognosis remains poor and is currently 
the third most common cause of cancer death world- 
wide (1-3). HCC carcinogenesis is a multistep process with 
many possible etiologic risk factors, including hepatitis B 
and C viruses (HBV and HCV), aflatoxin exposure, chronic 
alcohol consumption, nonalcoholic steatohepatitis, al- 
antitrypsin deficiency, cigarette smoking, and elevated 
endogenous testosterone in serum (4, 5). Conventionally, 
HCC prognosis has been primarily based on tumor stage 
and histologic grade (6, 7) in addition, angiolymphatic 
invasion (ALI) and high alpha fetoprotein (AFP) levels 
are known to correlate with shorter disease-free survival 
(DFS) (7). The prognosis of HCC patients remains poor, 
and useful prognostic and predictive molecular markers 
are required. Some recent molecular factors such as tu- 
mor proliferative indices, nuclear DNA ploidy, and levels 
of growth factors and hormone receptors have been used 
to predict clinical outcome in HCC patients (6). There are 
many studies describing the prognostic and predictive 
effects of epidermal growth factor receptor 2 (c-erb-B2) 
and epidermal growth factor receptor 1 (EGFR), trans- 
membrane tyrosine kinases that influence cell growth 
and proliferation in many tumors (8). However, contro- 
versial results have been reported for HCC (6, 7, 9-18). Im- 
munoreactivity of anti-c-erb-B2 antibodies has ranged 
from 0% (6, 13) to 92.3% (12) in different studies. Although 
there are some reports of c-erb-B2 overexpression or am- 
plification in HCC (17, 18), other authors found that nei- 
ther overexpression nor amplification was seen in HCC, 
hepatocellular adenoma, or normal liver tissue. (6, 13). 
EGFR levels also vary; overexpression has been observed 
between 4.2% and 85% of HCCs in previous studies (7, 11-13). 

Signaling pathways involving phosphatase and tensin 
homolog deleted on chromosome ten (PTEN), mamma- 
lian target of rapamycin (mTOR), phosphatidylinositol 
3'-kinase (PI3K) also regulate cell proliferation and sur- 
vival and have been investigated in several studies of 
carcinogenesis (19-24). PTEN, a tumor suppressor gene, is 
a negative regulator of PI3K-Akt signaling. Immunohis- 
tochemically, PTEN loss is correlated with mTOR overex- 
pression (22). Villanueva et al. (24) reported that aberrant 
mTOR signaling was present in 50% of HCC cases. During 



progression through the cell cycle, the cyclin-dependent 
kinase inhibitor p27 negatively regulates the Gl phase. 
Decreased p27 expression is closely associated with poor 
prognosis in cases of HCC. Low p27 immunoreactivity is 
also significantly correlated with tumor invasiveness, 
advanced clinical stage, and poor cellular differentiation 
(25-32). Excision repair cross-complementation group 1 
(ERCCl) is a key DNA repair enzyme (33-35). Fautrel et al. 
(33) reported that increased ERCCl expression is associ- 
ated with liver fibrogenesis and cancer. 

2. Objectives 

The current study aimed to investigate the expression 
levels of c-erb-B2, EGFR, PTEN, mTOR, PI3K, p27, and ERCCl 
in HCC cases by conventional immunohistochemistry 
(IHC) methods and assessed correlations among staining 
intensities, clinicopathologic features, and survival rates 
in 50 patients who underwent liver resections to treat 
HCC. 

3. Patients and Methods 

3.1. Patients 

All 50 patients with HCC had total hepatectomy and 
transplantation, except two cases that had partial hepa- 
tectomy. Clinicopathological data including age, gender, 
etiological factor, tumor size, number, level of AFP, and 
treatment modality were retrieved from surgery archives 
and pathology reports. None of the patients had received 
neoadjuvant treatment. Child Pugh and model for End- 
stage Liver Disease (MELD) scores and Milan's criteria 
for transplantation were evaluated (36, 37). Histological 
grade was assessed as well-differentiated (grade 1), mod- 
erately differentiated (grade 2), poorly differentiated 
(grade 3), and undifferentiated (grade 4) according to the 
modified Edmondson and Steiner criteria and staged ac- 
cording to the TNM classification of malignant tumors, 
7th edition (38). 

3.2. Histopathological Evaluation 

Tissue samples were processed immediately after surgi- 
cal removal. For histologic examination, all specimens 
were fixed in 10% of neutral buffered formalin and em- 
bedded in paraffin after overnight tissue processing. 
Standard 4-um tissue sections were prepared and stained 
with hematoxylin and eosin for light microscopy exami- 
nation. 
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3.3. Immunohistochemistry 

IHC was performed on 4-um sections comprised of tu- 
morous and nontumorous tissues. Staining was done 
manually by a standard streptavidin-biotin-peroxidase 
method. Paraffin-embedded tissue sections were baked 
in a 60°C oven overnight, deparaffinized through three 
changes of xylene, and rehydrated through a series of de- 
creasing concentrations of ethanol solutions to distilled 
water. After deparaffinization and rehydration, antigen 
retrieval was performed by microwave cooking at 600W 
for 20 minutes in 10 mM citrate buffer, pH 6.0, and then 
left to cool at room temperature for 20 minutes. Endog- 
enous peroxidase activity was quenched in 3% hydrogen 
peroxide in methanol for 5 minutes at room temperature 
and washed in phosphate-buffered solution (PBS) for 10 
minutes. After blocking nonspecific antibody binding 
with ultraviolet block for 10 minutes, tissue sections were 
incubated with monoclonal antibodies against c-erb-B2, 
EGFR, p27, PTEN, MTOR, PI3K, and ERCCl, and positive con- 
trols were included according to the manufacturers' rec- 
ommendations (Table 1). AEC (3-amino-9-ethylcarbazole) 
and DAB (3, 3' diaminobenzidine) were used as chromo- 
gens. Sections were rinsed in water, counterstained with 
hematoxylin, and mounted with cover-slips. 

3.4. IHC Evaluation 

The evaluation of c-erb-B2 immunoreactivity was per- 
formed according to DAKO (Denmark) protocol for the 
Hercept Test, with minor modifications. Usually only 
membrane staining is considered positive. As membra- 
nous staining was not observed in the cases under study, 
cytoplasmic staining was considered both in tumors and 
surrounding cirrhotic liver tissues and was evaluated 
as present or absent. If present, intensity was scored as 
weak, moderate, or strong (16, 17). For EGFR, membra- 
nous staining intensity was scored in four categories: no 
staining (0); weak staining (l+);( light brown membrane 
staining, visible only with high power magnification), in- 
termediate staining (2+, between 1+ and 3+); and strong 
staining (3+, visible with low power magnification, dark 
brown staining delineating the membrane). The fol- 
lowing formula was employed to integrate the data re- 
lating to staining intensity and frequency to calculate 



IHC scores: 1 x (percentage of weakly stained cells [l +]) 
+ 2 x (percentage of moderately stained cells [2 +]) + 3 x 
(percentage of strongly stained cells [3 +]) (39). Nuclear 
immunoreactivity for p27 was considered positive when 
> 40% of the tumor cells were stained. Nuclear immuno- 
reactivity for ERCCl was accepted as positive. Slide was 
scored as 0 if 0% of the tumor cells were positive, 0.1 if 
1-9%, 0.5 if 10-49%, and 1.0 if 50% or more were positive. A 
semiquantitative H-score was calculated by multiplying 
the staining intensity (0-3) by the percentage score. The 
tumor was considered positive when the H-score was > 
1.0 (40). In the immunohistochemical evaluation of PTEN 
and MTOR; the percentage of positive cells was scored as 
follows: 0, no staining or staining in < 5% of the tumor 
cells; 1, staining in 5-25% of cells; 2, staining in 26-50% of 
cells; 3, staining in 51-75% of cells; and 4, staining in > 75% 
of cells. Staining intensity was scored as 0 (negative), 1 
(weak), 2 (moderate), or 3 (strong). Next, immunoreactiv- 
ity score (IRS) was calculated by multiplying the percent- 
age and the staining intensity score. Results of 0-6 were 
considered negative, and values of 7-12 were considered 
positive (41). 

3.5. Statistical Analysis 

SPSS 8.0 was employed to analyze IHC scoring data. Re- 
lationships were analyzed using Fisher's exact and Pear- 
son's (chi-squared) tests. Kaplan-Meier survival curves 
and log-rank tests were used for survival analysis. Values 
were considered statistically significant at P < 0.05. 

4. Results 

4.1. Clinical Characteristics 

The patients' mean age was 56.82 years, and the median 
age was 57. Ages ranged from 26-72, and the male/female 
ratio was 44/6. Ninety percent (45/50) of patients were 
older than 50 years. It was determined that 31 cases (62%) 
were positive for HBV, 6 cases were positive for HCV, 3 cas- 
es had both HBV and HCV, 2 cases had HBV and Hepatitis 
D virus (HDV), 5 cases had Laennec's cirrhosis, and 3 cases 
showed evidence of cryptogenic cirrhosis. Regarding the 
cases with Child Pugh Score, 27 cases were classified as 
A, 16 cases as B, and 7 as C. Among 48 total hepatectomy 
cases, 24 cases had MELD score < 10, 20 cases were 11-19, 



Table 1: IHC Antibodies 


Antibody 


Clone 


Species 


Dilution 


Source 


Positive Control 


c-erb-B2 


CBll 


Mouse monoclonal 


RTU 


Novocastra 


Breast carcinoma 


EGFR 


EGFR.113 


Mouse monoclonal 


1/20 


Novocastra 


Placenta 


P27 


1B4 NCL-P27 


Mouse monoclonal 


1/30 


Novocastra 


Tonsil 


PTEN 


28H6 GTX73862 


Mouse monoclonal 


1/60 


Genetex 


Prostate 


MTOR 


EPR426 


Rabbit monoclonal 


1/100 


Genetex 


Breast carcinoma 


PIK3C 




Rabbit polyclonal 


1/70 


Abnova 


Breast carcinoma 


ERCCl 


SP68 


Rabbit monoclonal 


1/100 


Spring 


Placenta 
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Table 2. Correlations of Clinicopathological Characteristics and IHC Results in HCC a 




Cerb-B2, 
No.(%) 


EGFR, 
No.(%) 


PTEN, 
No.(%) 


MTOR, 
No.(%) 


PI3K,No.(%) 




ERCC1H>1, 
No.(%) 


P value 


Age 


















NS 


<50 


5(10) 


3(6) 


2(4) 


T I A \ 

2(4) 


5(10) 


0(0) 


0(0) 




>50 


41(82) 


17(34) 


20 (40) 


13 (26) 


45 (90) 


4(8) 


10 (38.4) 




Gender 
















NS 


Female 


41(82) 


18 (36) 


19 (38) 


13 (26) 


44 (88) 


0(0) 


9 (34.6) 




Male 


5(10) 


2(4) 


3(6) 


2(4) 


6(12) 


4(8) 


1(3.8) 




Tumour Size 
















NS 


<2 cm 


6(12) 


3(6) 


1(2) 


3(6) 


7(14) 


0(0) 


0(0) 




2.1-3 cm 


15 (30) 


7(14) 


8(16) 


4(8) 


16 (32) 


1(2) 


4 (15.3) 




3.1-5 cm 


15 (30) 


7(14) 


8(16) 


7(14) 


17(34) 


2(4) 


6(23) 




>5 cm 


10(20) 


3(6) 


5(10) 


1(2) 


10(20) 


1(2) 


0(0) 




Multiplicity 
















with c-erb-B2P= 0.041 


with p27P< 0.001 


With mTOR P< 0.001 


Single 


18 (36) 


9(18) 


11 (22) 


5(10) 


18 (36) 


1(2) 


2 (7.7) 




Multiple 


28(56) 


11(22) 


11(22) 


10 (20) 


32(64) 


3(6) 


8(30,7) 




Etiology 
















NS 


HBV 


29(58) 


11 


15 (30) 


7(14) 


31 


4(8) 


6(23.07) 




HCV 


6(12) 


2(4) 


2(4) 


3(6) 


6 


0(0) 


2 (7.7) 




HBVHCV 


2(4) 


2(4) 


2(4) 


1(2) 


3(6) 


0(0) 


1(3.8) 




HBVHDV 


1(2) 


1(2) 


1(2) 


0(0) 


2(4) 


0(0) 


0(0) 




Alcohol 


5(10) 


3(6) 


1(2) 


2(4) 


5 


0(0) 


1(3.8) 




Cryptogenic 


3(6) 


1(2) 


1(2) 


2(4) 


3(6) 


0(0) 


0(0) 




All 
















with EGFRP = 0.0031 


with ERCCP= 0.005 


Yes 


8(16) 


4(8) 


4(8) 


1(2) 


9(18) 


2(4) 


3 (H-5) 




No 


38(72) 


16 (32) 


18 (36) 


14(28) 


41(82) 


2(4) 


7(26.9) 




PVT 
















NS 


Yes 


2(4) 


1(2) 


1(2) 


0(0) 


2(4) 


0(0) 


1(3.8) 




No 


44 


19 (38) 


22(44) 


15 (30) 


0(0) 


4(8) 


9 (34.6) 




LN Metastasis 
















NS 


Yes 


1(2) 


0(0) 


0(0) 


0(0) 


1(2) 


1(2) 


0(0) 




No 


45(90) 


20(40) 


22(44) 


15 (30) 


49(98) 


3(6) 


10 (38.4) 




Grade 
















with EGFRP = 0.039 


I 


5(10) 


1(2) 


2(4) 


3(6) 


6(12) 


0(0) 


2 (7.7) 




II 


32 64) 


17 (34) 


14 (28) 


9(18) 


35(70) 


1(2) 


5(19.2) 




III 


9(18) 


2(4) 


6(12) 


3(6) 


9(18) 


3(6) 


3(11.5) 




Stage 
















NS 


I 


3(6) 


1(2) 


1(2) 


1(2) 


3(6) 


0(0) 


0(0) 




11 


18 (36) 


10(20) 


11(22) 


5(10) 


19 (38) 


1(2) 


3(11.5) 




III 


11(22) 


3(6) 


4(8) 


4(8) 


12 (24) 


1(2) 


3 (H-5) 




IV 


14(28) 


6(12) 


6(12) 


5(10) 


16(32) 


2(4) 


4 (15.3) 
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AFP 
















with P27P= 0,047 


with EGFRP = 0,008 


with mTORP= 0,04 


<25 


17 (34) 


20(40) 


6(12) 


6(12) 


20 (40) 


1(2) 


5(19.2) 




>25 


29(58) 


0(0) 


16 (32) 


9(18) 


30(60) 


3(6) 


5(19.2) 




Total Positive 
Cases 


46(92) 


20(40) 


22(44) 


15(30) 


50 (100) 


4(8) 


10 (38.4) 





Abbreviations: ALI, angiolymphatic invasion; LN, lymph node; NS, not significant; PVT, portal venous thrombus. 
a n = 26 cases. 



Figure 1. Macroscopic and Microscopic Views of Hepatocellular Carcinoma 




A) Multifocal HCC. B) Grade I. C) Grade II. D) Grade III Hepatocellular Car- 
cinoma (HE; x 100, x 100, x 200) 




Figure 3. Membranous EGFR Staining (x 400) 




Figure 2. Cytoplasmic 3+ Staining of c-erb-B2 in HCC and 1+ Staining in 
Adjacent Liver Parenchyma (x loo) 



Figure 4. PTEN Showing Nuclear Positivity in HCC, While Noncancerous 
Tissue is Negative 




The positive Signal in the Paranchyma is Attributable to Lymphocytes ( x 10 o ) 



and 3 cases > 20. Twenty-five met Milan's criteria, and 23 
did not. Serum AFP levels were available for 47 patients. It 
was higher than 25 iig/L in 27 patients and lower than 25 
Hg/L in 20 patients. 

4.2. Pathological Characteristics 



The size of the largest tumor nodule was considered 
as tumor size. The mean size was 4.2 cm (range: 1-14 cm). 
Seven tumors were smaller than 2 cm, 16 were 2.1-3 cm, 
17 were 3.1-4.9 cm, and 10 were larger than 5 cm. Among 
the 50 cases, 18 and 32 had solitary and multiple tumors, 
respectively (Figure 14). Of those with multiple tumors, 11 
cases had two, 21 cases had more than three, and one ex- 
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Figures. Moderate to Strong Cytoplasmic PI3K Staining (x 200) Figure 6. Moderate Cytoplasmic mTOR Staining (x 200) 




Figure 7. P27 Expression in HCC (x 200) Figure 8. ERCC Nuclear Expression in HCC (x 400) 



ceptional case had 20 tumor nodules. Nineteen patients 
had bilobar tumors, and 31 cases had tumors limited to 
the right lobe. Liver cirrhosis was grossly and microscopi- 
cally present in all HCC cases. Necrosis was observed in 
15 cases, and ALI was present in nine cases. Lymph node 
metastasis and tumor thrombi in the portal vein were 
detected in one and two cases, respectively. Histological 
grading according to modified Edmondson and Steiner 
criteria (38) revealed that six cases were grade 1 (12%), 35 
cases were grade 2 (70%), and the nine remaining cases 
were grade 3 (18%) (Figure 1B-D). Based on the internation- 
al TNM pathological staging criteria (38), three cases were 
stage I (6%), 19 cases were stage II (38%), 12 cases were stage 
III (24% ) and 16 cases were Stage IV (32%). 

4.3. Treatment and Follow-up 

The average follow-up period was 38.7 months (range: 
2-87 months). Forty patients survived more than 2 years, 
and 10 died within 2 years. The clinicopathological vari- 
ables are listed in Table 2. None of the patients received 



neoadjuvant treatment. Thirty-four patients received a 
calcineurin inhibitor (CNI, cyclosporine or tacrolimus), 
eight received mTOR inhibitor therapy (MIT, sirolimus 
or everolimus), and eight did not receive postoperative 
treatment (NT). 

4.4. Statistical Analysis Results 

HBV was more common in patients with advanced can- 
cer stages (P = 0.04) and right lobe tumors (p < 0.022), 
although all tumors in HCV (+) patients were larger (P 
< 0.001). Tumor size was significantly larger in patients 
older than 50 years (P = 0.04). Tumor diameter correlated 
with necrosis, AFP level, and multiplicity (P = 0.054, P < 
0.001, and P = 0.021 respectively). Membranous c-erb-B2 
staining was not observed in the cases under study. Cyto- 
plasmic positivity was present in 92% (46 cases) (Figure 2). 
When compared with the pathologic parameters, correla- 
tions were only found for multiplicity (P = 0.04) and p27 
expression (P = 0.01). EGFR membranous positivity was 
present in 40% of cases (Figure 3) and significantly corre- 
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lated with grade (P = 0.039), AFP level (P = 0.008), and ALI 
(P = 0.003). PTEN expression was reduced or absent in 28 
(56%) of patients (Score I: n = 18, II: n = 10, II: n = 7, IV: n = 15) 
(Figure 4). PI3K was moderately positive in all cases (Figure 
5). No significant associations were found among PTEN, 
PI3K, and pathological parameters. MTOR was positive in 
15 cases (Figure 6) and correlated with both AFP level (P = 
0.04) and multiplicity (P< 0.001). P27 loss was observed in 
92% of cases (Figure 7). AFP level was < 25 ug/L in one of the 
four p27-positive cases, which was statistically significant 
(P = 0.047). Notably, three of the four p27-positive cases 
had multiple tumors (P< 0.001). ERCCl could be studied 
in 26 cases. Three of which were completely negative, and 
13 cases had positive nuclear staining (Figure 8). The H 
score was determined to be < 1 and correlated with ALI (P 
< 0.005). When the survival analysis was performed ac- 
cording to the Kaplan-Meier curve and log-rank tests, dif- 
ferences between treatment regimens; presence of ALI; 
lymph node (LN) metastasis; and c-erb-B2, p27, and ERCCl 
expression levels were found statistically significant. Pa- 
tients who received CNIs showed a significantly longer 
DFS and overall survival (OS) when compared with MIT 
and NT patients (P < 0.001). The DFS and OS ranges were 
74.4-75 months for the CNI group, 49.6-59 months for 
the MIT group, and 27.8-28 months for the NT group. The 
DFS and OS were 69.3 versus 17.7 months and 70 months 
versus 19 months in the absence and presence of ALI, re- 
spectively (P = 0.039 and 0.019, respectively). When LN 
metastasis was present, the average OS decreased from 
67 to 9 months (P = 0.044). The difference of OS in cases 
with mild and intense positivity of c-erb-B2 (72.5 and 32.8 
months respectively) was also significant (P = 0.012). Sim- 
ilarly, patients with an ERCCl H-score < 1 had a significant- 
ly longer OS (66 months) than the group with H scores 
> 1 (25 months, P < 0.001). p27 expression also correlated 
with OS; the p27-negative group had an average OS of 69 
months, and the p27-positive group only survived for an 
average of 7.7 months (p = 0.002). 

5. Discussion 

The demographic and clinicopathologic findings of the 
current series were in agreement with other studies (37, 
42), as previously reported(43). The prognosis for HCC 
patients remains poor, and the identification of useful 
prognostic and predictive molecular markers may help 
improve DFS and OS. Some studies have shown the prog- 
nostic and predictive utility of markers such as c- erb-B2 
and EGFR, which influence cell growth and proliferation, 
in many types of tumor. The c-erb-B2 (also known as HER- 
2/neu) proto-oncogene is a transmembrane growth fac- 
tor receptor in the tyrosine kinase receptor family. Its 
overexpression and/or amplification is known to be cor- 
related with neoplastic transformation and progression 
in breast cancer and is associated with other poor prog- 
nostic factors, including stage, grade, and resistance to 
drug treatment. It also has an established role in many 



carcinomas, such as lung, gynecological, and gastroin- 
testinal tumors (8). However, controversial results have 
been reported for HCC (6, 7, 9-18). In previous studies, c- 
erb-B2 immunoreactivity has ranged from 0% (6, 13) to 
92.3% (12). While there are some studies that found c-erb- 
B2 overexpression or amplification in HCC (17, 18), some 
authors were unable to support these findings in HCC, 
hepatocellular adenoma, or normal liver tissue (6, 13). 
Membranous expression (9, 10, 14, 15) and cytoplasmic 
expression (16, 17) have both been reported. Membranous 
c-erb-B2 staining was not observed ,but cytoplasmic posi- 
tivity was present in 92% of the cases. Studies assessing 
c-erb-B2 expression in HCC have demonstrated correla- 
tions with portal cirrhosis, grade, OS (18), and DFS time 
(17, 18). Conversely, others failed to find statistically signif- 
icant correlations between clinicopathological param- 
eters (7, 13, 14), including histological grade, stage (11, 17) 
and survival (13). In the present study, a correlation was 
observed only between c-erb-B2 multiplicity (P = 0.041). 
EGFR (c-erb-Bl/herl) is a transmembrane tyrosine kinase 
with roles in proliferation, cell motility, and apoptosis. In- 
creased expression and/or aberrant function of EGFR are 
associated with tumor progression and poor prognosis 
in many epithelial neoplasms, including HCC (7, 12, 13, 16). 
Although EGFR expression has been observed in 40-85% of 
HCCs in previous studies (7, 12, 13, 16, 44, 45), Nakopoulou 
et al. (11) reported EGFR-positive staining in only 3 out of 
71 cases (4.2%). It was determined that 40% of the cases 
described here showed positive EGFR membrane stain- 
ing, which is similar to most published studies (7, 12, 13, 
16, 44, 45). There is considerable disparity in the literature 
regarding the relationship between EGFR expression and 
clinicopathologic features of HCC. EGFR has been corre- 
lated with the proliferation activity, stage, ALI, carcinoma 
differentiation (7), invasiveness, and recurrence (12, 44) 
and it is proposed to play an important role in carcino- 
genesis and HCC progression (7, 12, 16, 17, 46). However, 
some studies suggest that neither c-erb-B-2-oncoprotein 
nor EGFR are predominantly involved in the transforma- 
tion of hepatocytes to a malignant phenotype and that 
their levels do not correlate with any of the main clinico- 
pathologic features or survival (11, 13, 45). Here, EGFR was 
found to be correlated with stage, ALI, and AFP levels. Col- 
lectively, the findings suggest that EGFR remains an im- 
portant potential therapeutic target for HCC, but further 
studies are necessary to demonstrate the exact impact of 
EGFR overexpression. PTEN, PI3K, and mTOR are known 
to be involved in carcinogenesis. PTEN, a tumor suppres- 
sor gene, is a negative regulator of the PI3K-Akt signaling 
pathway that promotes carcinogenesis. PTEN is mutated 
and inactivated at a high frequency in several cancers. Its 
loss leads to AKT kinase activation, which contributes to 
cell survival, growth, proliferation, and invasion (19, 23, 
24). Hu et al. (20) and Wu et al. (21) demonstrated that re- 
duced PTEN expression is involved in HCC pathogenesis 
and correlated with increased tumor grade, advanced 
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disease stage, intrahepatic vascular embolism, and poor 
prognosis. Immunohistochemically, PTEN loss is cor- 
related with mTOR overexpression (22). Villanueva et al. 
(24) found that aberrant mTOR signaling was present in 
50% of HCC cases. Overexpression of mTOR is reportedly 
associated with tumor grade, ALI, TNM stage, high Ki-67 
labeling, and other poor prognostic features in HCC (22, 
23). mTOR expression was found in 22 cases (44%), but 
no significant relationship was observed between mTOR 
and PTEN. Mutations in PTEN and PI3K mutations are rare 
events (24). No immunohistochemical studies regarding 
PI3K expression in HCC were found. So, although it is not 
possible to make comparisons with previous publica- 
tions, PI3K expression was observed in all assessed cases, 
but significant relationships with clinicopathological 
parameters were not found. To date, many studies have 
reported genetic and epigenetic alterations of cell-cycle 
regulatory proteins in HCC. P27 is a cyclin-dependent ki- 
nase inhibitor (CDKI) and negatively regulates cell cycle 
progression through the Gl phase; its expression is high- 
est at GO/Gl and lowest during the S phase. P27 is a potent 
tumor suppressor in several human cancers, including 
HCC. Reduced/absent p27 nuclear expression is associat- 
ed with poor prognosis in several carcinomas, including 
resistant phenotypes (25). 

Some studies have reported significantly reduced p27 
in HCC tissues compared to cirrhotic, HCV-infected, or 
normal liver tissue (27, 28, 30-32). Conversely, Tretiakova 
et al. (32) suggested that increased p27 expression was as- 
sociated with higher tumor grade, supporting its role in 
cell cycle regulation in carcinogenesis and progression. 
Huang et al. (26) also reported higher p27 expression in 
tumor tissues compared to adjacent healthy tissue. In the 
current study, only 8% of cases were positive for p27. Many 
studies have reported that decreased p27 expression is a 
risk factor in HCC (25, 26, 28, 29, 32) and is significantly 
correlated with portal invasion, tumor invasiveness, ad- 
vanced clinical stage, poor cellular differentiation, larger 
size, and intrahepatic and distant tumor metastasis (25, 
28, 32). However, some reports found no relationships 
between p27 expression and tumor size, metastasis, AFP 
level, or ALI (26, 32). p27 positivity was observed only in 
4 cases and correlations was found with AFP level (P = 
0.047), multiplicity (P < 0.001), and c-erb-B2 expression 
(P = 0.011). Some authors have reported that p27 is an in- 
dependent prognostic marker for DFS; poorer outcomes 
have been observed in cases with decreased p27 (28, 29). 
P27 has also been suggested to be an independent pre- 
dictor of HCC recurrence (28). In the current study, p27 
expression was inversely correlated with DFS and OS (P = 
0.004 and P = 0.002, respectively). Although the current 
study findings seem to disagree with previous studies 
(28, 29), they may indirectly confirm the results of Tretia- 
kova et al. (32), who reported that increased p27 expres- 
sion was correlated with higher tumor grade. ERCCl is a 
key DNA repair enzyme (33, 34). Fautrel et al. (33) reported 



increased ERCCl expression associated with liver fibro- 
genesis and cancer. Ueda et a/.,(34) found larger tumor 
size in a low expression group compared to a high expres- 
sion group. According to some studies, increased ERCCl 
expression could be associated with resistance to cispla- 
tin-based therapy in HCC, similar to what is observed in 
non-small cell lung carcinoma (33, 34, 47). Therefore, IHC 
analysis for resected HCC tissues may be a useful predic- 
tor for the effectiveness of adjuvant chemotherapy (34). In 
contrast to these studies, Turhal et al. (35) suggested that 
ERCCl expression could not be the only cause of cisplatin 
resistance because they only found ERCCl expression in 
less than 2% (1/61 patients), whereas 90% of patients with 
HCC were resistant to cisplatin. Obviously there were 
many other factors involved in cisplatin resistance, such 
as the expression of multidrug resistance-associated pro- 
teins (35). ERCCl expression was assessed in 26 HCC cases. 
Three cases were completely negative, and 16 cases with 
positive nuclei (61.5%) had H-scores < 1. In conclusion, c- 
erb-B2, EGFR, mTOR, and ERCCl overexpression and p27 
loss may play roles in hepatocarcinogenesis and may be 
significant predictors of aggressive tumor behavior. They 
were found to be correlated with some clinicopathologic 
features, therapy modalities, and survival time. These 
findings may help in planning new targeted treatment 
strategies for HCC; however, large scale in vitro and in 
vivo studies are needed. 

Acknowledgments 

The authors specially thank Ahmet Altinel for his criti- 
cal assistance in statistical analysis, and also to Tulay Ak- 
gun, Arzu Ozturk, Hakan Sengul, Gulcin Akkan and Ozan 
Aydogmus for their technical assistance in this study. 

Authors' Contribution 

NB, PYK, RY gathered the presented data, NB, iCT, GD 
evaluated , IHC, NB,ICT,GD wrote the manuscript, GD was 
the proponent and editor of the project, made the statis- 
tical evaluation and editing of the manuscript, MD, MA, 
OY, YY, YT faced the clinical situation. All the authors con- 
tributed to the literature search, writing, and reading of 
the manuscript. All authors read and approved the final 
manuscript. 

Financial Disclosure 

There was no financial disclosure. 

Funding/Support 

This study was supported by National Liver Transplanta- 
tion Society. This study was partially accepted to be pre- 
sented as a poster at 24th European Congress of Pathol- 
ogy in Prague , September 08-12, 2012. 

References 

1. Parkin DM, Pisani P, Ferlay J. Estimates of the worldwide inci- 



HepatMon. 2012,12(10 HCC): e7492 



8 



Bassullu N et al. 



c-erb-B2, EGFR, PTEN, mTOR, P13K, p27, ERCCl in HCC 



dence of 25 major cancers in 1990. Int J Cancer. 1999;80(6):827-4l. 

2. Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. 
CA Cancer] Clin. 2005;55(2):74-l08. 

3. Curado MP, Edwards B, Shin HR, Storm H, Ferlay J, Heanue M. Can- 
cer Incidence in Five Continents. Vol. IX, IARC Scientific Publications 
No. 160. 2007. 

4. Rosai J. Rosai and Ackerman's Surgical Pathology 10th edition. Else- 
vier; 2011. 

5. Yu MW, Chen CJ, Luo JC, Brandt-Rauf PW, Carney WP, Santella 
RM. Correlations of chronic hepatitis B virus infection and ciga- 
rette smoking with elevated expression of neu oncoprotein 
in the development of hepatocellular carcinoma. Cancer Res. 
1994;54(19):5106-10. 

6. VlasofT DM, Baschinsky DY, De Young BR, Morrison CD, Nuovo 
GJ, Frankel WL. C-erb B2 (Her2/neu) is neither overexpressed nor 
amplified in hepatic neoplasms. Appl Immunohistochem Mol Mor- 
phol. 2002;10(3):237-41. 

7. Ito Y, Takeda T, Sakon M, Tsujimoto M, Higashiyama S, Noda K, et 
al. Expression and clinical significance of erb-B receptor family 
in hepatocellular carcinoma. Br J Cancer. 2001;84(10):1377-83. 

8. Baxevanis CN, Sotiropoulou PA, Sotiriadou NN, Papamichail M. 
Immunobiology of HER-2/neu oncoprotein and its potential ap- 
plication in cancer immunotherapy. Cancer Immunol Immuno- 
ther. 2004;53(3):166-75. 

9. Brunt EM, Swanson PE. Immunoreactivity for c-erbB-2 onco- 
peptide in benign and malignant diseases of the liver. Am ] Clin 
Pathol. 1992;97(5 Suppl 1)553-61. 

10. Collier JD, Guo K, Mathew J, May FE, Bennett MK, Corbett IP, et al. 
c-erbB-2 oncogene expression in hepatocellular carcinoma and 
cholangiocarcinoma J Hepatol. l992;14(2-3):377-80. 

11. Nakopoulou L, Stefanaki K, Filaktopoulos D, Giannopoulou I. C- 
erb-B-2 oncoprotein and epidermal growth factor receptor in 
human hepatocellular carcinoma: an immunohistochemical 
study. Histo/Histoparho/. 1994;9(4):677-82. 

12. Tang Z, Qin L, Wang X, Zhou G, Liao Y, Weng Y, et al. Alterations of 
oncogenes, tumor suppressor genes and growth factors in hepa- 
tocellular carcinoma: with relation to tumor size and invasive- 
ness. Chin Med] (Engl). l998;m(4):313-8. 

13. Altimari A, Fiorentino M, Gabusi E, Gruppioni E, Corti B, 
D'Errico A, et al. Investigation of ErbBl and ErbB2 expression for 
therapeutic targeting in primary liver tumours. Dig Liver Dis. 
2003;35(5):332-8. 

14. Xian ZH, Zhang SH, Cong WM, Wu WQ , Wu MC. Overexpression/ 
amplification of HER-2/neu is uncommon in hepatocellular car- 
cinoma.J Clin Pathol. 2005;58(5):500-3. 

15. Niu ZS, Wang M. Expression of c-erbB-2 and glutathione S-trans- 
ferase-pi in hepatocellular carcinoma and its adjacent tissue. 
World ] Gastroenterol. 2005;ll(28):4404-8. 

16. Lee TY, Kim KT, Han SY. Expression of ErbB receptor proteins and 
TGF-alpha during diethylnitrosamine-induced hepatocarcino- 
genesis in the rat liver. Korean ] Hepatol. 2007;13(l):70-80. 

17. Liu j, Ahiekpor A, Li L, Li X, Arbuthnot P, Kew M, et al. Increased 
expression of ErbB-2 in liver is associated with hepatitis B x anti- 
gen and shorter survival in patients with liver cancer. Int] Cancer. 
2009;125(8):1894-901. 

18. Zhang JK, Pan PL, Wu YM, Xiao JJ, Peng JW. [Expression of HER-2/ 
neu oncogene in hepatocellular carcinoma and the clinical im- 
plications]. Nan Fang Yi Ke Da XueXueBao. 20l0;30(2):326-8. 

19. Steck PA, Pershouse MA, Jasser SA, Yung WK, Lin H, Ligon AH, et al. 
Identification of a candidate tumour suppressor gene, MMACl, 
at chromosome 10q23.3 that is mutated in multiple advanced 
cancers. Nat Genet. 1997;15(4):356-62. 

20. Hu TH, Huang CC, Lin PR, Chang HW, Ger LP, Lin YW, et al. Expres- 
sion and prognostic role of tumor suppressor gene PTEN/MMAC1/ 
TEP1 in hepatocellular carcinoma. Cancer. 2003;97(8):1929-40. 

21. Wu SK, Wang BJ, Yang Y, Feng XH, Zhao XP, Yang DL. Expression 
of PTEN, PPM1A and P-Smad2 in hepatocellular carcinomas and 
adjacent liver tissues. World ] Gastroenterol. 2007;13(34):4554-9. 

22. Chen JS, Wang Q, Fu XH, Huang XH, Chen XL, Cao LQ, et al. In- 
volvement of PI3K/PTEN/AKT/mTOR pathway in invasion and me- 
tastasis in hepatocellular carcinoma: Association with MMP-9. 
Hepatol Res. 2009;39(2):l77-86. 



23. Zhou L, Huang Y, Li J, Wang Z. The mTOR pathway is associated 
with the poor prognosis of human hepatocellular carcinoma. 
Med Oncol. 2010;27(2):255-6l. 

24. Villanueva A, Chiang DY, Newell P, Peix J, Thung S, Alsinet C, et 
al. Pivotal role of mTOR signaling in hepatocellular carcinoma. 
Gastroenterology. 2008;135(6):l972-83, 83 el-11. 

25. Matsuda Y. Molecular mechanism underlying the functional loss 
of cyclindependent kinase inhibitors pl6 and p27 in hepatocel- 
lular carcinoma. World J Gastroenterol. 2008;14(ll):1734-40. 

26. Huang X, Qian X, Cheng C, He S, Sun L, Ke Q, et al. Expression of 
Pirh2, a p27(Kipl) ubiquitin ligase, in hepatocellular carcinoma: 
correlation with p27(Kipl) and cell proliferation. Hum Pathol. 
201l;42(4):507-15. 

27. Sarfraz S, Hamid S, Ali S, Jafri W, Siddiqui AA. Modulations of cell 
cycle checkpoints during HCV associated disease. BMC Infect Dis. 
2009;9:l25. 

28. Ito Y, Matsuura N, Sakon M, Miyoshi E, Noda K, Takeda T, et al. Ex- 
pression and prognostic roles of the Gl-S modulators in hepato- 
cellular carcinoma: p27 independently predicts the recurrence. 
Hepatology. 1999;30(l):90-9. 

29. He S, Lu M, Xue W, Wang Y, Zhao Y, Gao S, et al. Phosphorylated 
p27Kipl on Thrl57 is an important prognosis in human hepato- 
cellular carcinoma in vivo and in vitro. Med Oncol. 2011;28(1):94- 
104. 

30. Mitselou A, Karapiperides D, Nesseris I, Vougiouklakis T, Agnan- 
tis Nj. Altered expression of cell cycle and apoptotic proteins in 
human liver pathologies. Anticancer Res. 20l0;3O(ll):4493-50l. 

31. Tretiakova MS, Shabani-Rad MT, Guggisberg K, Hart ], Anders 
RA, Gao ZH. Genomic and immunophenotypical differences 
between hepatocellular carcinoma with and without cirrhosis. 
Histopathology. 2010;56(6):683-93. 

32. Shehata MA, Nosseir HR, Nagy HM, Farouk G. Cyclin dependent 
kinase inhibitor p27(kipl) expression and subcellular localiza- 
tion in relation to cell proliferation in hepatocellualr carcinoma. 
Egypt] Immunol. 2006;13(l):ll5-30. 

33. Fautrel A, Andrieux L, Musso O, Boudjema K, Guillouzo A, Lan- 
gouet S. Overexpression of the two nucleotide excision repair 
genes ERCCl and XPC in human hepatocellular carcinoma. J 
Hepatol. 2005;43(2):288-93. 

34. Ueda S, Shirabe K, Morita K, Umeda K, Kayashima H, Uchiyama 
H, et al. Evaluation of ERCCl expression for cisplatin sensi- 
tivity in human hepatocellular carcinoma. Ann Surg Oncol. 
201l;18(4):l204-ll. 

35. Turhal NS, Bas E, Er O, Aliustaoglu M, Seber S, Dane F, et al. ERCCl 
is not expressed in hepatocellular cancer: A turkish oncol- 
ogy group, gastrointestinal oncology subgroup study. ] Buon. 
2010;15(4):794-6. 

36. Salerno F, Merli M, Cazzaniga M, Valeriano V, Rossi P, Lovaria A, 
et al. MELD score is better than Child-Pugh score in predicting 
3-month survival of patients undergoing transjugular intrahe- 
patic portosystemic shunt./ Hepatol. 2002;36(4):494-500. 

37. Yao FY, Ferrell L, Bass NM, Watson JJ, Bacchetti P, Venook A, et al. 
Liver transplantation for hepatocellular carcinoma: expansion 
of the tumor size limits does not adversely impact survival. Hep- 
atology. 2001;33(6):1394-403. 

38. Ruby SG. Protocol for the examination of specimens from 
patients with hepatocellular carcinoma and cholangiocarci- 
noma, including intrahepatic bile ducts. Cancer Committee 
of the College of American Pathologists. Arch Pathol Lab Med. 
2000;124(l):41-5. 

39. Pirker R, Pereira JR, von Pawel J, Krzakowski M, Ramlau R, Park K. 
EGFR expression as a predictor of survival for first-line chemo- 
therapy plus cetuximab in patients with advanced non-small- 
cell lung cancer: analysis of data from the phase 3 FLEX study. 
Lancet Oncol. 20l2;13(l):33-42. 

40. Friboulet L, Barrios-Gonzales D, Commo F, Olaussen KA, Vagner 
S, Adam J, et al. Molecular Characteristics of ERCCl-Negative ver- 
sus ERCCl-Positive Tumors in Resected NSCLC. Clin Cancer Res. 
20U;17(17):55 62-72. 

41. Song CH, Park SY, Eom KY, Kim JH, Kim SW, Kim JS, et al. Poten- 
tial prognostic value of heat-shock protein 90 in the presence of 
phosphatidylinositol-3-kinase overexpression or loss of PTEN, in 



9 



HepatMon. 2012,12(10 HCC): e7492 



c-erb-B2, EGFR., PTEN, mTOR, PBK p27, ERCCl in HCC 



Bassullu N et al. 



invasive breast cancers. Breast Cancer Res. 2010;12(2):R20. 

42. Alacacioglu A, Somali I, Simsek I, Astarcioglu I, Ozkan M, Camci 
C, et al. Epidemiology and survival of hepatocellular carci- 
noma in Turkey: outcome of multicenter study. /pn / Clin Oncol. 
2008;38(l0):683-8. 

43. Bassullu N, Turkmen I, Yaprak O, Dayangac M, Demirbas T, Guler 
N, et al. General evaluation of hepatectomy and hepatocellular 
carcinoma cases. Turk Patoloji Derg. 201l;27(3):221-9. 

44. Tanaka H. [Immunohistochemical studies on epidermal growth 
factor receptor in hepatocellular carcinoma]. Nihon Shokakibyo 
CakkaiZasshi. !991;88(2):l38-44. 



45. Buckley AF, Burgart LJ, Sahai V, Kakar S. Epidermal growth factor 
receptor expression and gene copy number in conventional he- 
patocellular carcinoma. Am J Clin Pathol. 2008;129(2):245-51. 

46. EI-Bassiouni A, Nosseir M, Zoheiry M, El-Ahwany E, Ghali A, El- 
Bassiouni N. Immunohistochemical expression of CD95 (Fas), 
c-myc and epidermal growth factor receptor in hepatitis C virus 
infection, cirrhotic liver disease and hepatocellular carcinoma. 
APMIS. 2006;114(6):420-7. 

47. Olaussen KA, Dunant A, Fouret P, Brambilla E, Andre F, Had- 
dad V, et al. DNA repair by ERCCl in non-small-cell lung can- 
cer and cisplatin-based adjuvant chemotherapy. N Engl ] Med. 
2006;355(lO):983-91. 



HepatMon. 2012;12 (10 HCC): e7492 



10 



